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Introduction
Idiopathic generalised epilepsy (IGE) syndromes are overlapping electro-clinical entities. According to the definition elaborated by an ILAE Committee, ''the patient usually has a normal interictal state, without neurologic and neuroradiologic signs''. 1 The majority of IGE patients can be successfully treated with standard antiepileptic drugs. 2 Diagnosis and treatment is not always easy, however, 15.5% of juvenile myoclonic epilepsy patients are resistant to antiepileptic drugs despite correct therapy and lifestyle. 3 About 25% of these patients has psychiatric and psychological problems that can counteract therapeutic efforts. 4, 5 The negative impact of cognitive and personality disturbances on seizure control and quality of life has been confirmed repeatedly. Besides average intelligence, these young people are inclined to follow their momentary feelings and impulsions which results in instable, childish behaviour sometimes reaching the degree of levity. Planning their own future is often lacking because they are ''. . . more inclined to take things as they come than to act in accordance with an independent line of conduct'' as Janz wrote. 4 This sort of personality disturbance results in neglecting and dissimulating seizures, irregular intake of medication, ignoring proven seizure-provoking factors like sleep deprivation. In this way the patients are likely to suffer of self-provoked seizures and, in turn, self-perpetuated social maladjustment. 4, [6] [7] [8] Neurological signs and abnormal radiological findings (in standard CT and MRI scans) may occur but have no impact on treatment and prognosis. 3, 9 Focal features in IGE patients can hinder correct diagnosis, however. 10 Early recognition of these difficulties, in particular, psychopathology, can promote planning of effective treatment strategies. 6, 8 The problem is that recognition of these complicating factors is not always easy. Neurological signs and mental retardation can be recognised at the first examination. In contrast, a peculiar personality trait that highly counteracts effective treatment 4 may be unrecognised at the first visit. Usually, analysis of recurrent therapeutic failures highlights that psychopathology is the cause of pseudoresistance. In cases of ''pseudoresistance'', the causes of persistent seizures are irregular intake of the drug and/or ignoring appropriate lifestyle by the patients. Also true pharmacoresistance cannot be diagnosed at the first visit.
Advanced neuroimaging studies and neuropathology revealed that the brain of IGE patients is not entirely normal in terms of structure and function. [11] [12] [13] [14] [15] [16] Mild cortical pathology not detected by routine MRI probably contributes to neuro-psychiatric problems. 7, 17 Interestingly, the percentage of IGE patients with psychiatric disturbances 4, 5 is roughly equal to the percentage of IGE patients with significant cortical abnormalities detected by voxel-based MRI. 18 Some indirect evidence suggest that cortical pathology might contribute to pharmacoresistance, too. 3, 19 In the light of these findings, it is reasonable to suppose that IGE patients with complicating factors have higher degree of cortical dysfunction than IGE patients without such additional handicaps. For several reasons, sophisticated neuroimaging can hardly be used as a routine screening method for cerebral abnormalities that are associated with psychopathology and pharmacoresistance. In contrast, quantitative EEG (QEEG) analysis is a proven tool to assess the degree and pattern of cortical dysfunction. 20, 21 In a prior study we found that a group of IGE patients showed significant diffuse quantitative EEG alterations as compared to a healthy control group. 22 In that study we did not address the distribution of the QEEG abnormalities across the patients. Now we formulated and tested the hypotheses that (1) IGE patients do not have the same degree of QEEG abnormality, (2) higher degree of cortical dysfunction (as assessed in the clinical setting) might be reflected by higher degree of QEEG abnormalities.
Methods
The design of this study was approved by the Local Ethics Committee of the Institution. In a period of 2.5 years, all the newly referred patients who fulfilled inclusion criteria entered this investigation. Inclusion criteria were as follows: (1) 23 Patients who had got generalised tonic-clonic seizures in the 3 days before EEG, or took any medication in the 5 days before EEG investigation, were excluded. All the patients were diagnosed, treated, and followed at the Outpatient Service of our Institution. History taking, routine neuro-psychiatric evaluation, conventional EEG evaluation were done at the first visit. Indications of cranial MRI were the presence of neurological items, and later, pharmacoresistance. Treatment with valproate was indicated in all the patients. No extra investigation was done, no treatment was postponed or tapered off for study purposes. Patients were followed at regular visits. In case of therapeutic failure, potential causes were analysed. In difficult-to-treat cases other drugs (lamotrigine, ethosuximide) or combinations of these drugs were administered. In cases of personality disturbances and pseudoresistance, psychotherapy was indicated. Final evaluation of the patients was done after 2 years of follow-up. Based on the clinical data accumulated in this period, patients were classified as uncomplicated (no neurologic or mental problems interictally, responders to drugs), or complicated (any cerebral damage in the patient's history, neurological symptoms, psychiatric symptoms, personality disorder, pharmacoresistance). In this paper, the term ''personality disorder'' refers to the peculiar trait that is characteristic to IGE patients, 4 as described in the Introduction section of this paper. Part of this personality disturbance is neglecting and dissimulating seizures, irregular intake of medication, ignoring proven seizure-provoking factors. As a consequence, the patients are prone to self-perpetuated social maladjustment. This condition should be recognised in the clinical setting as soon as possible; psychological testing is not necessary. 4, 6, 8 All the EEG recordings were done in the forenoon hours, in the same semi-isolated room, with the same equipment (Brain Quick BQ240) by trained personnel, according to recommended standards for quantitative EEG studies. 23 Silver-silver chloride electrodes were placed according to the 10-20 system, fixed by appropriate adhesive and conductive gel. Impedances did not exceed 5 k . 19-channel EEG was recorded against a linked ears reference. In addition, two bipolar derivations were used to identify oculographic and myogenic artefacts. 12-bit on-line digitisation was used. Sampling frequency was 128 s −1 . Forty minutes EEG was recorded in the resting, eyes-closed condition. The patients 1 level of vigilance was verbally checked during the recording. EEG records were stored on optical disc. Off-line frequency analysis started with data file conversion to the format of the Neurometric Analysis System (NAS, Version 23.5). Sixty 2-s epochs reflecting relaxed-waking state of the subjects were selected for spectral analysis. Sample selection and analysis was done blindly, without knowing the patient's name and clinical data. Our standardised epoch selection protocol was used. Epoch inclusion criteria were: (1) presence of continuous physiological (''waking'' or ''resting'') alpha activity with alpha voltage maximum in posterior regions; (2) absence of artefacts, epileptiform or other nonstationary elements; (3) absence of patterns indicating drowsiness or arousal. After final visual revision of the edited epochs, they were submitted to Fast Fourier Transform (FFT). Leakage was reduced by Hanning window. Data of the 60 epochs were averaged. Absolute band power was computed for 19 monopolar derivations and four frequency bands (delta: 1.5-3.5 Hz, theta: 3.5-7.5 Hz, alpha: 7.5-12.5 Hz, beta: 12.5-25.0 Hz). NAS evaluated all neurometric parameters relative to its own normative database, using age-regression equations. Independent of age, sex and derivation, deviations of the individual values from the normative mean were expressed in Z-score. 24 In order to get regional spectral variables, electrode-related values were compressed by averaging. Delta, theta, alpha, beta power was computed for anterior region (ANT, composed of Fp1, Fp2, F3, F4, F7, F8, Fz values), central region (CENT, composed of T3, T4, C3, C4, Cz values), and posterior region (POST, composed of P3, P4, Pz, T5, T6, O1, O2 values).
Deviation of these 12 EEG variables from the mean (Z = 0) were evaluated in all the patients. Deviations of (Z > ±2.5) were scored as abnormal. The number and distribution of abnormal neurometric scores were compared in the patients with and without complicating factors.
Depending on the amount of abnormal scores, the QEEG finding was classified as ''normal QEEG'' (less than two abnormal scores), or, ''pathological QEEG'' (two or more abnormal scores). Binomial distributions were analysed by means of Fisher's exact test (GraphPad Prism 2.0). Differences with P ≤ 0.05 were accepted as statistically significant.
Results
Thirty-five patients were investigated, treated and controlled (16 males, 19 females, age limits: 12-24 years, average: 17 years). Their clinical data are summarised in Table 1 . Eleven patients were classified as complicated. Neurological items were found in three patients; their cranial MRI was within normal limits, however. Minor psychiatric disturbances were diagnosed in two patients (mild mental retardation and compulsive self-stimulation, respectively) at the first investigation. Personality disorder of the Janz type 4 was found in three patients who had juvenile myoclonic epilepsy. It was never identified at the initial investigation, but could be recognised at follow-up visits, within 2 years after the first visit. One patient displayed absence-like pseudoseizures in the course of the illness. Treatment was effective in 32 patients. Despite difficulties due to non-compliance, also two patients with personality disorder could be treated successfully. One patient with personality disorder and two patients without neuro-psychiatric items showed proven pharmacoresistance to valproate, lamotrigine, ethosuximide, and combinations.
Neurometric analysis and consecutive data compression resulted in 12 neurometric scores in each patient. The distribution of pathological scores across patients, cortical regions, and frequency bands is tabulated in Table 1 . The results can be summarised as follows:
1. Clusters of positive abnormal values were found in all the patients with psychiatric items (patients no. 4, 5, 8, 15, 27, and 33) . Abnormal scores did not show specific linkage to any cortical region or frequency band. Rather, they involved all cortical regions and 2-4 frequency bands. 2. Two patients with neurological items had completely normal scores, the third (patient no. 14) had a single abnormal one. This girl had a documented history of cerebral concussion, many years before the first absence seizure. However, no residual damage was present by neurological investigation and the recent cranial MRI was normal, too. 3. Patients with true pharmacoresistance but no neuro-psychiatric items (patients no. 12 and 21) showed selective involvement of the delta band: unusually low negative delta scores were found in all regions. Patient no. 18 with pharmacoresistance and psychopathology showed abnormal positive scores. 4. In the group of the uncomplicated IGE patients, 23/24 had normal QEEG. Out of them, 19 patients had not abnormal scores at all one, or two abnormal scores were found in 3 and 1 patients, respectively. Pathological QEEG (as defined above) was found in one uncomplicated patient (patient no. 19). The reason for this pathological QEEG finding remained hidden. 5. The comparison of the clinically uncomplicated and complicated groups showed that the former is associated with normal QEEG while the latter with abnormal QEEG (Table 2 , P < 0.001). Chi-square test (P < 0.001).
Discussion
In this prospectively, randomly collected sample of newly diagnosed, unmedicated IGE patients, so-called complicating factors (neurological, psychiatric symptoms, pathological personality traits, true pharmacoresistance) were present in 11/35. Roughly the same proportion of patients with these complicating factors was reported by other authors. [3] [4] [5] 19 We found that some sorts of psychopathology (personality disorder, pseudoseizures) were not recognised at the first clinical visit. Our impression was that psychological support contributed to effective treatment of our patients with psychopathology. Thus, we agree that these conditions should be recognised and managed as soon as possible. 4, 8 The QEEG method we used is simple and can be reproduced without difficulty. Standard data acquisition and sampling allow 80-90% reproducibility of the univariate QEEG variables. 24 This degree of reproducibility is roughly equal to test-retest variability of the same spectral parameters. 25 It was disclosed that one can rely on the normative means of the NAS database independent of race and geographical differences. 26 Our results confirmed the hypotheses that (1) IGE patients do not have the same degree of QEEG-defined cortical dysfunction, and (2) higher degree of QEEG abnormality corresponds to higher degree of cortical dysfunction. All but one (23/24) uncomplicated IGE patients with lesser degree of cortical dysfunction (as presumed by clinical results) had normal QEEG. In contrast, one group of the patients with presumed higher degree of cortical dysfunction (all the patients with psychopathology and/or pharmacoresistance) had pathological QEEG. Our results indicate that QEEG may be a useful method in differentiating between IGE patients with and without psychopathology at the beginning of the illness. QEEG alterations are not specific, however. The pattern of the spectral alterations (in terms of topography and frequency band) cannot differentiate between patients with diverse psychopathology like personality disorder, 4 mental subnormality, or a tendency toward developing pseudoseizures or self-stimulation. Introduction of multivariate QEEG parameters might contribute to this issue. 24, 26 An alternative possibility is that mild diffuse derangement of cortical functions may be a non-specific predisposition to a variety of psychopathological disturbances. 28 The neurophysiological basis of the association between psychopathology and abnormal QEEG has not been clarified yet. Increased volume of cortical grey matter, 18 seemingly subtle developmental abnormalities 13 can indicate the presence of widespread anomalous neuronal connections in IGE patients. Altered networks can be the pathological basis of enhanced neuronal synchronisation, 27 and in turn, increased spectral power. According to another hypothesis, aspecific ''thalamocortical dysrhythmia'' governed by T-type Ca 2+ channels may be common to a few neurological conditions including epilepsy. 29 Interestingly, valproate, a drug that blocks T-type Ca 2+ channels 30 partly reversed pathological delta-theta power excess in IGE patients. 31 In contrast to psychopathology, neurological items were not accompanied by abnormal QEEG. Pathological items in medical history and mild neurological signs do not necessarily indicate significant cortical dysfunction, however.
Both patients with pure pharmacoresistance showed the same unique finding, significant delta power decrease all over the scalp. This pattern of abnormal QEEG was not found in other IGE patients. The results of two patients cannot be managed as a proven scientific finding, however. In order to elaborate this issue, a long-term prospective study is underway.
